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VWXGLHG IURPDSK\VLFDODQG PHFKDQLFDOSRLQWRIYLHZZKHQQDWXUDODJJUHJDWHVZHUHUHSODFHGE\ZDVWHJODVV7KH UHVHDUFKDOVR
DLPVWRVWXG\WKHLPSDFWZKLFKJODVVZDVWHKDV RQWKHK\GUDWLRQSURFHVVHVDQGWKHGLPHQVLRQRISRUHVRIWKHSODVWHULQJPRUWDUV
XVLQJLQQRYDWLYHPHWKRGV VXFKDVRSWLFDOPLFURVFRS\DQGQXFOHDUPDJQHWLFUHVRQDQFH7KH REMHFWLYHRIWKLVVWXG\LVWRVXSSRUW
WKHVXVWDLQDEOHGHYHORSPHQWSROLF\ZKLFK UHTXLUHV PDLQO\ WKHGHYHORSPHQWRIHFRIULHQGO\FRQVWUXFWLRQVEDVHGRQWZRPDMRU
JRDOV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WKH VLJQLILFDQW DPRXQWVRIZDVWHVDQGE\SURGXFWVUHVXOWLQJIURPYDULRXVPDQXIDFWXULQJSURFHVVHV 7KHHQYLURQPHQW
SURWHFWLRQ UHODWHGWRWKH GHJUHHRIZDVWHUHFRYHU\ LV ORZ OHYHOWKHPDLQFDXVHVEHLQJQRWRQO\ RI WKHWHFKQLFDOQDWXUH
ODFN RI LQIUDVWUXFWXUH IRU VHSDUDWH FROOHFWLRQ DQG VRUWLQJ LQ WKH PRVW DUHDV RI WKH FRXQWU\ UHVSHFWLYHO\ ODFN RI
FDSDFLW\WR UHF\FOHDVSHU GLIIHUHQWW\SHVRIPDWHULDOVEXWDOVRILQDQFLDO6WDWLVWLFV VKRZV WKDWWKHTXDQWLW\RIZDVWH
JODVVFRPSDUHGWR RWKHUZDVWHSODFHGRQWKHPDUNHW LV DURXQG  7KHLQWURGXFWLRQRIJODVVZDVWH LQWKH 3RUWODQG
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FHPHQWDQGFRQFUHWHKDVGUDZQDPDMRULQWHUQDWLRQDOLQWHUHVWFRQFHUQLQJKLJKUHF\FOLQJFRVWVDQGSROOXWLRQLVVXHV
>@ *ODVVFDQEHXVHGDVFHPHQWUHSODFHPHQWPDWHULDOLQFRQFUHWHPDGHZLWK3RUWODQGFHPHQW7KHXVHRIEURNHQ
JODVV DV DJJUHJDWH LQ 3RUWODQG FHPHQWEDVHG FRQFUHWH DQG PRUWDU H[KLELWV QRW RQO\ SRVLWLYH EXW DOVR QHJDWLYH
FKDUDFWHULVWLFVKRZHYHUWKHUHLVDSUDFWLFDODSSOLFDELOLW\RIJODVVZDVWHDVDJJUHJDWHLQDUDWLRRI  7KHPDLQ
LVVXHVRFFXUULQJDWWKHXVHRIJODVVDVDJJUHJDWHLQ3RUWODQGFHPHQWEDVHGFRQFUHWHDUH H[SDQVLRQDQGFUDFNLQJGXH
WRJODVVDJJUHJDWHV
7KH FRQFHUQ LQ JODVV ZDVWH FRQFUHWH LV YLVLEOH ERWK DW UHVHDUFK DQG SUDFWLFDO OHYHO LQ WKH HQWLUH ZRUOG 7KXV
0H\HU DQG %D[WHU KDYHSURGXFHGDFRQFUHWHZKHUHJODVVZDVWHUHSODFHVDJJUHJDWHVLQDUDWLRRIXSWR DQGDVD
ELQGHULQDSHUFHQWDJHRI ±   &(0,,,3RUWODQG FHPHQWDQG PHWDNDROLQLQWKLVIRUPXODSODVWLILHUVFDQDOVR
EHDGGHGWRLPSURYHWKHSURSHUWLHVRIWKHQHZPDWHULDO >@
&RULQDOGHVL >@ KDV VWXGLHGWKHPHFKDQLFDODQGPLFURVWUXFWXUDOSURSHUWLHVRIWKHFRQFUHWHDQG PRUWDUZKHUHILQH
DJJUHJDWHV DUH UHSODFHG E\ ILQH JODVV DJJUHJDWHV LQ D UDWLR RI  2Q WKH FRQWUDU\ DQ LPSURYHPHQW LQ WKH
PHFKDQLFDOSURSHUWLHVRI WKHPRUWDUVFDQEHSHUFHLYHGDVD UHVXOWRI WKHSRVLWLYHFRQWULEXWLRQRIJODVVZDVWHXSRQ
PLFURVWUXFWXUDOFKDUDFWHULVWLFV >@ 7XQJ&KDL/LQJ >@ DQG &KL6XQ3RRQ KDYHVWXGLHGVHOIFRPSDFWLQJDUFKLWHFWXUDO
PRUWDUV PDGH ZLWK JODVV ZDVWH UHSODFLQJ VDQG 7KH PRUWDUV LQ TXHVWLRQ ZHUH VWXGLHG DQG DIWHU  GD\V WKH
UHVLVWDQFHWRFRPSUHVVLRQZDVIRXQGWR 0SD ZKLOHWKHEHQGLQJVWUHQJWKZDV 0SD
1RPHQFODWXUH
$Q (FR DPSOLWXGH
7 7UDQVYHUVH UHOD[DWLRQWLPH
 0DWHULDOVDQGPHWKRGV
7KH ZDVWH JODVV XVHG IRU WKH H[SHULPHQWDO SURJUDP ZDV YDULRXVO\ FRORXUHG ZDVWH JODVV ,Q RUGHU WR REWDLQ
RSWLPDO UHVXOWV IRXU W\SHV RI UHFLSHV ZLWK GLIIHUHQW ZDVWH JODVV SURSRUWLRQV    DQG 
UHVSHFWLYHO\ZHUHGHYHORSHG7KHVWXG\RIWKHSURSHUWLHVRIPRUWDUVHPSKDVL]HVWKHHYROXWLRQRIWKHPDFURVFRSLF
DQGPLFURVFRSLFSURSHUWLHVRIPRUWDUVFRPSDUHGWRVWDQGDUGPRUWDUDVZHOODVWKHLU EHKDYLRU GXULQJXVH
 0DWHULDOV
,Q WKH FRPSRVLWLRQRI LQQRYDWLYHPRUWDUV WKH IROORZLQJ FRPSRQHQWV KDYH EHHQ XVHG DOXPLQRXV FHPHQW VDQG
ZLWKWKHJUDQXODWLRQEHWZHHQPPJODVVZDVWHZLWKWKHJUDQXODWLRQEHWZHHQPPDQGZDWHU 'HFLVLRQZDV
PDGH WR XVH DOXPLQRXV FHPHQW EHFDXVH LW LV NQRZQ WKDW 3RUWODQG FHPHQW KDV D EDG HIIHFW RQ WKH SURFHVV RI
K\GUDWLRQDQGHYROXWLRQLQWLPHRIFRQFUHWHPDGHZLWKJODVVZDVWHH[SDQVLRQDQGFUDFNLQJ
x $OXPLQRXVFHPHQW
7KHDOXPLQRXVFHPHQWLVD EURZQIDZQ SRZGHUREWDLQHGE\EXUQLQJDQGPLOOLQJDPL[WXUHRIFKDONDQGEDX[LWH
$IWHUEXUQLQJWKHDOXPLQRXVFOLQNHULVJURXQGEXWQRJ\SVXPLVDGGHG )LQDOO\DGDUNJUH\SRZGHULVSURGXFHGRI
PðNJ JUDLQVL]H 7KHWDEOHEHORZ 7DEOH OLVWVDVSHUFHQWDJHVWKHPDLQPLQHUDOFRPSRXQGVWREHPHWLQ
WKHDOXPLQRXVFHPHQWZLWKLPSRUWDQWFRQWULEXWLRQWRWKHK\GUDWLRQSURFHVV
7DEOH  0LQHUDO FRPSRXQGVRIWKH DOXPLQRXV FHPHQW 
0LQHUDO 3HUFHQW
6L2 
$O2 
)H2 
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0J2 
1D2 
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7L2 
,Q WKH H[SHULPHQWDO SURJUDPZH XVHG WKH ,675$ DOXPLQRXV FHPHQWZLWK WKH IROORZLQJ SURGXFHU GHILQHG
IHDWXUHV UHVLGXH RQ VLHYH DW  PP   ILQHQHVV  ±  FPJ EXON GHQVLW\  JFP VSHFLILF
VXUIDFH ± JFP IOH[XUDOVWUHQJWK ± 1PP FRPSUHVVLYHVWUHQJWK1PP
x 7KHVDQGXVHGLQSODVWHULQJPRUWDUV
7KHVDQGXVHGIRURXUWHVWSXUSRVHVLV ULYHU VDQGRIJUDLQVL]H PP %HIRUHPL[LQJWKHVDQGZDVZDVKHGWR
UHPRYH IORDWLQJSDUWVDQG LPSXULWLHV 7KHQLWZDVJUDGHGDV   PP  PP  PP 
PP DQG  PP 7KHVDQGXVHGLQWKHVHH[SHULPHQWVKDVWZRPDLQFRPSRQHQWV &U\VWDOORFODVWV DQG /LWRFODVWH
>@
x :DVWHRI FRORXUHG JODVV
7KHJODVVZDVWHXVHGLQWHVWVFRPHVIURPDJODVVIDFWRU\LQ 7kUJX0XUHú
)LJ D 'HYLFHIRUJULQGLQJJODVVZDVWHE5HSUHVHQWDWLRQRIJODVVZDVWHDIWHUWKHVRUWLQJVWDJH
7KHJODVVZDVVRUWHGDQGJURXQGWKHSURGXFWRIWKLVSURFHVVEHLQJFRORXUHGJODVVZDVWHRIYDULRXVJUDLQVL]HV
)LJ 7KHJODVVZDVLQFOXGHGLQWKHPRUWDUFRPSRVLWLRQDFFRUGLQJWRWKHJUDLQVL]HFXUYHDOVRXVHGIRUVDQG
x 0L[ZDWHU
)RU WKHPRUWDUV WKHZDWHUXVHGIRUPL[LQJSXUSRVHV LVDQDFWLYH FRPSRQHQW WKDWSURYLGHVIRU WKHFHPHQWSDVWH
DQGZRUNDELOLW\RIPRUWDUPL[WXUH7KHZDWHUXVHGIRUWKLVWHVWLVGULQNDEOHZDWHUIURPWKH&OXM&RXQW\5RPDQLD
 &RPSRVLWLRQRIJODVVZDVWHPRUWDUV
(FRORJLFDO PRUWDUV DUH WKH PRUWDUVLQZKLFKWKHUDZPDWHULDOVDUHIXOO\RUSDUWLDOO\UHSODFHGE\UHF\FODEOHZDVWH
IRUWKHSXUSRVHRIHQYLURQPHQWDOVXVWDLQDELOLW\DQGVXVWDLQDEOHGHYHORSPHQWLQFLYLOHQJLQHHULQJZKLOHSUHVHUYLQJ
WKHSURSHUWLHVRIWKHPDWHULDODLPHGDW
,QWKH H[SHULPHQWDO SDUWWKHDXWKRUVDLPHGWRSURGXFHVHYHUDOW\SHVRIHFRORJLFDOSODVWHULQJPRUWDUVZKHUHVDQG
ZDVUHSODFHGLQYDULRXVSURSRUWLRQVZLWKJODVVZDVWHDVIROORZV JODVVZDVWH 0V JODVVZDVWH 0V
 JODVVZDVWH 0V  DQG JODVVZDVWH 0V7DEOH
7KHWDEOHEHORZSUHVHQWVIRXUYDULDQWVDQGWKHUHFLSHVXVHG
D E
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7DEOH *ODVVZDVWHPRUWDUFRPSRVLWLRQV
0RUWDU
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3HUFHQWDJHRIFRPSRQHQWPDWHULDOV 5DWLR $&
&HPHQW 6DQG *ODVVZDVWH
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0V             
0V             
0V             
0V             
7KHVDPSOHVKDYHWKHVKDSHRIDSULVPRIVL]HV[[PP7KHSULVPVZHUHSUHSDUHGLQWKH/DERUDWRU\RI
%XLOGLQJ0DWHULDOVZLWK WKHPL[HU WKH\ZHUHSRXUHG LQPHWDOPRXOGV DQGNHSW LQZHWDLUER[HVXS WRGD\VDQG
PRYHGLQDURRPRIKXPLGLW\DWDWHPSHUDWXUHRI&XSWRWKHWHVWDJHWLPH3ULVPVZHUHFDVWLQWZR
OD\HUVHDFKOD\HUEHLQJFRPSDFWHGZLWKDPHFKDQLFDOYLEUDWLQJPDFKLQH >@
7KH $& UDWLRIRU WKHVDPSOHVZDV 
 0HWKRGV IRU GHWHUPLQLQJ WKH FKDUDFWHULVWLFV RI HFRORJLFDOSODVWHULQJPRUWDUV
3K\VLFDODQGPHFKDQLFDOWHVWV ZHUHSHUIRUPHGDFFRUGLQJWRFXUUHQWVWDQGDUGVZLWK WKH H[LVWLQJHTXLSPHQWLQWKH
%XLOGLQJ 0DWHULDOV/DERUDWRU\RIWKH)DFXOW\RI&RQVWUXFWLRQLQ&OXM1DSRFD
x 'HWHUPLQDWLRQRIEHQGLQJVWUHQJWK
7KLVSURSHUW\ZDVWHVWHGZLWKWKHGHYLFHIRUEHQGLQJVWUHQJWKPHDVXUHPHQWRQSULVPVVL]HG [[PP 7KH
WHVWZDVSHUIRUPHGLQWLPHDW DQG  GD\V >@
x 'HWHUPLQDWLRQRIFRPSUHVVLYHVWUHQJWK
7KH WHVW LVSHUIRUPHGRQSULVPUHVWVREWDLQHGDIWHU WKHEHQGLQJ WHVW 7KHGHYLFH IXVHGIRU WKHFRPSUHVVLYH WHVW
ZDVWKHK\GUDXOLFSUHVV3ULVPVDUHWHVWHGDOZD\V SHUSHQGLFXODUO\WRWKHFDVWLQJGLUHFWLRQ DVDORQJWKLVGLUHFWLRQWKH
VWUHQJWKVSUHVHQW VPDOOHU YDOXHVGXH WRPRUWDU VHJUHJDWLRQ 7KH WHVWZDVSHUIRUPHG LQ WLPH DW   DQG GD\V
>@
x 'HWHUPLQDWLRQRIDGKHVLRQWRWKHVXSSRUWOD\HU
$GKHVLRQ ZDV WHVWHG DFFRUGLQJ WR 65 (1  3DUW  'HWHUPLQDWLRQ RI SODVWHULQJ PRUWDU DGKHVLRQ WR
VXSSRUWV >@ 7KHWHVWZDVSHUIRUPHGDIWHU  GD\VLPPHGLDWHO\DIWHUWDNLQJWKHPRXWIURPVWRUDJH
x 7KHRSWLFDOPLFURVFRS\PHWKRG
7KHVWXG\RI WKHPDWHULDOVZLWK WKHKHOSRI WKLVPHWKRGJLYHVDQVZHUV WRTXHVWLRQVUHJDUGLQJ WKH VWUXFWXUHDQG
WH[WXUHRIWKH PDWHULDOVWKHFRPSRVLWLRQDQGFU\VWDOOLQLW\GHJUHH7KHVWXG\OLQNVWKH PLFURVFRSLF DQG PDFURVFRSLF
EHKDYLRU RI WKHPRUWDUV WKH GHYHORSPHQW RI WKH FRPSRQHQWPDWHULDOV DQG WKHLU LQIOXHQFH XSRQ WKH SK\VLFDO DQG
PHFKDQLFDOSURSHUWLHVRIJODVVZDVWHPRUWDUV7KHVWXG\RI WKH WUDQVSDUHQWPLQHUDOV URFNVDQGDUWLILFLDOSURGXFWV
FDQEHPDGHXQGHU D SDUDOOHO OLJKWZLWKRQH SRODUL]HU ZLWK FURVV SRODUL]HUV RU LQ FRQYHUJHQW OLJKW EHWZHHQ FURVV
SRODUL]HUV 7KHPHWKRGUHTXLUHVWKLQVHFWLRQVWREHIXUWKHUH[DPLQHGXQGHUWKHRSWLFDOPLFURVFRSH SRODUL]HG OLJKW
7KHVWXG\LQWKLQVHFWLRQVFRQVLVWVLQGHWHFWLQJDQGREVHUYLQJDOOWKHFU\VWDOVEHORQJLQJWRWKHVDPHPLQHUDO )RU
HYHU\ PLQHUDOWKHPLQHUDOVKDSHDQG GLPHQVLRQVWKHUHOLHI FRORUFOHDYDJHSUHVHQFHDQGQDWXUHRILQFOXVLRQVWKH
FU\VWDOWKLFNQHVVLVGHWHUPLQHGDVWKHVL]HUHTXLUHGWRFDOFXODWH ELUHIULQJHQFH
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)LJ D 7KH 1LNRQ(FOLSVH RSWLFDOPLFURVFRSHIURPWKH%DEHV%RO\DL 8QLYHUVLW\/DERUDWRU\RI*HRORJ\E WKLQVHFWLRQVLQVDPSOHV
x 1XFOHDUPDJQHWLFUHVRQDQFHWHFKQLTXH
7KH WHFKQLTXHV RI QXFOHDU PDJQHWLF UHVRQDQFH ZHUH GHYHORSHG DW WKH 3K\VLFV /DERUDWRU\ RI WKH )DFXOW\ RI
0DWHULDOV(QJLQHHULQJDQGWKH(QYLURQPHQWLQ&OXM±1DSRFD 0DJQHWLFUHVRQDQFHDGGVWRWKHLQIRUPDWLRQUHJDUGLQJ
WKH EHKDYLRU RI SRURXVPDWHULDOV DQG RI OLTXLGV LQ D SRURXV PDWHULDO PDLQO\ZDWHU 2QH RI WKH EHQHILWV RI WKLV
PHWKRG OLHVLQLWVQRQGHVWUXFWLYHFKDUDFWHU >@
,QWKH H[SHULPHQWDO SURJUDPWKHK\GUDWLRQSURFHVVDQGWKHVL]HRIWKHLQWHUQDOSRUHVRISODVWHULQJPRUWDUVPDGH
ZLWKJODVVZDVWHZHUHREVHUYHG 7KHWHFKQLTXHXVHGIRUWKHVWXG\RIWKH PRUWDUVZDV &03*ZKLFKPHDVXUHVWKH
FURVVUHOD[DWLRQWLPHV 7KHPHDVXUHPHQWRIWKHUHOD[DWLRQWLPHVJLYHVGDWDRQPROHFXOHG\QDPLFVDQGJHRPHWU\RI
WKHHQYLURQPHQWVLQZKLFKWKH\FDQEHFRQILQHG7KH &30*&DUU3XUFHOO0HLERRP*LOO WHFKQLTXHLVEDVHGXSRQ
WKHPXOWLSOHVSLQHFKRHV JHQHUDWHGE\SXOVHVHTXHQFHV >@
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)LJ D &30* SXOVH VHTXHQFHXVHGWRPHDVXUHUHOD[DWLRQWLPHE 501 GDWDDFTXLVLWLRQGHYLFH
7KH VHTXHQFH LV PDGH XS RI D VHW RI SXOVHV RI  GHJUHHV DSSOLHG DW Ĳ LQWHUYDOV EHWZHHQ WKH SXOVHV WKH
DPSOLWXGHRIWKHGHYHORSLQJHFKRHV LVPHDVXUHG 7KH &30*VHTXHQFHVDUHPDGHXSRI+DKQHFKRHV7KHILUVWHFKR
LQWKHVHULHVLVJHQHUDWHGE\WKHVHTXHQFH >@
ሺͻͲሻ െ െ ሺͳͺͲሻ െ െ ݄ 
$VWKHVLJQDORULJLQDWHVIURPD KHWHURJHQHRXVVDPSOHIRUZKLFKWKHDPSOLWXGHRIWKHUHFRUGHGHFKRFRPHVIURP
YDULRXVPHGLD WKH DPSOLWXGHRIQRUGHUHFKRLQWKH&30*VHTXHQFHVHULHVVDWLVILHVWKHUHODWLRQVKLS >@
 
 
 
Q Q
7 7
Q$ $H $ H
W W 
  
7KHVSHFLILF UHOD[DWLRQ WLPH LV IRXQG ILWWLQJH[SHULPHQWDO WRH[SRQHQWLDOGDWD7KH ORQJLWXGLQDO UHOD[DWLRQ WLPH
FDQDOVREHXVHGDFKLHYHGZLWK WKH/DSODFHLQYHUVH 7KHVDPSOHVXVHGLQWKLVSURJUDPZHUHLQYHVWLJDWHGDWYDULRXV
WLPHLQWHUYDOV7KHXVHRIWKHWHFKQLTXHUHTXLUHGPRQLWRULQJWKHK\GUDWLRQSURFHVVLQJODVVZDVWHPRUWDUV
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 5HVXOWVDQGGLVVFXVLRQV
 'HWHUPLQDWLRQRI EHQGLQJVWUHQJWK
7KH IOH[XUDOVWUHQJWK ZDVVWXGLHGDWYDULRXVWLPH LQWHUYDOVQDPHO\DIWHU   DQG UHVSHFWLYHO\  GD\V
0VPRUWDUFRQWDLQLQJ  JODVVZDVWHWRUHSODFHVDQGSUHVHQWVWKHKLJKHVWIOH[XUDOVWUHQJWKDORQJWKHDJH
GHYHORSPHQWRISODVWHULQJPRUWDUV
7KHWHQVLOHVWUHQJWKGHFUHDVHVZLWKWKHLQFUHDVHRIWKHDPRXQWRIJODVVZDVWHLQWURGXFHGLQWKHPL[WXUHKRZHYHU
WKHWHQVLOHVWUHQJWKYDOXHVRIJODVVZDVWHSODVWHULQJPRUWDUVDIWHUGD\VYDU\EHWZHHQ  1PP IRU 0V
PRUWDUDQG  1PP IRU 0V PRUWDU &RPSDULQJWKHUHVXOWVIRXQGIRUWKHIOH[XUDOVWUHQJWKRID &6,9 PRUWDU
PDGHZLWKDOXPLQRXVFHPHQWDQGZKLFKKDVDQDYHUDJHYDOXHRI  1PP ZLWKJODVVZDVWHPRUWDUVRQHFDQ
FRQFOXGHWKDW 0V PRUWDUKDVWKHQHDUHVWYDOXH  RI 1PP IROORZHGE\ 0V PRUWDUZLWKWKHYDOXHRI
1PP
 'HWHUPLQDWLRQRIFRPSUHVVLYHVWUHQJWK
7KHVWXG\RIWKHFRPSUHVVLYHVWUHQJWK UHYHDOVWKDWDOOPRUWDUV SUHVHQWFRPSUHVVLYHVWUHQJWKYDOXHVWKDWDUHPXFK
DERYHWKRVHVSHFLILHGLQQRUP 65(1 ZKHUH WKHPLQLPXPYDOXHLV 1PP
7KHYDOXHVRIWKH FRPSUHVVLYHVWUHQJWK GHFUHDVHZLWKWKHLQFUHDVHRI WKHSHUFHQWDJHRIJODVVZDVWHVRWKDW 0V
 PRUWDUKDVWKHKLJKHVWYDOXHRIFRPSUHVVLYHVWUHQJWKDOODORQJWKHHYROXWLRQLQWLPHRIWKHPRUWDU UHVSHFWLYHO\
DIWHU  DQG  GD\V&RPSDULQJWKHUHVXOWVEHWZHHQWKHFRQWUROVDPSOH ± &6,9 PDGHZLWK DOXPLQRXVFHPHQW
RQHFDQVHHWKDWJODVVZDVWHPRUWDUVJHWFORVHUWRWKHYDOXHRIWKH &6,9 PRUWDU
 $GKHVLRQWRWKHVXSSRUWOD\HU
7KHDQDO\VLVRIWKHUHVXOWVUHDFKHGOHDGVWRWKHFRQFOXVLRQWKDWWKHDPRXQWRIJODVVZDVWHLQIOXHQFHVWKHSK\VLFDO
DQGPHFKDQLFDOSURSHUWLHVRIWKHPRUWDUVWKRXJKLQFOXGHGZLWKLQWKHOLPLWVUHTXLUHGE\QRUPVLQIRUFHWKHKLJKHU
WKHDPRXQWRIZDVWHWKHORZHUWKHDYHUDJHYDOXHVRIWKHVWUHQJWKV
$GKHVLRQ LVDOVR DIIHFWHG LWGHFUHDVHVZLWKWKHLQFUHDVHRIWKHDPRXQWRIJODVVZDVWHLQVHUWHGLQ WKH PRUWDU7KH
PRUWDUZLWKWKHKLJKHVWDGKHVLRQLV0V   1PP
,QWKHWDEOHEHORZ7DEOHDUHVXPPDUL]HGWKHUHVXOWVREWDLQHGXQGHU H[SHULPHQWDOSURJUDP
7DEOH 7DEOHVXPPDUL]LQJ UHVXOWV REWDLQHGXQGHUH[SHULPHQWDOSURJUDP
$JHRIPRUWDUDW
WKHPRPHQWRI
WHVWLQJ
7KHSODVWHUPRUWDUWHQVLOHEHQGLQJUHVLVWDQFHLQWLPH
ൌ ȭͳ


 >1PP@
06 06 06 06 &6,9
GD\V     
GD\V     
GD\V     
7KHSODVWHUPRUWDUUHVLVWDQFHWRFRPSUHVVLRQLQWLPH
ൌ
ȭͳ


 >1PP@
GD\V     
GD\V     
GD\V     
$GKHVLRQDWVXSSRUWOD\HU >1PP@
GD\V     
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 $QDO\VLVRIWKHK\GUDWLRQSURFHVVE\RSWLFDOPLFURVFRS\
7KH JODVV IUDJPHQWV XVHG DV DJJUHJDWH H[KLELW DQJXODUFKLS IRUPV DQG DUH RSWLFDOO\ LVRWURSH LQ SHUPDQHQW
H[WLQFWLRQLQFURVVSRODULVHUGXHWRWKHJODVVDPRUSKRXVFKDUDFWHU
)LJ  D$JJUHJDWHZLWKOLWLFIUDJPHQWVDQGJODVVLQ DOXPLQRXVFHPHQW PRUWDU1[E $JJUHJDWHZLWKOLWLFIUDJPHQWV DQG
JODVVLQDOXPLQRXVFHPHQWPRUWDU 1[
7KHLQYHVWLJDWLRQRIWKHJODVVZDVWHPRUWDUV E\ RSWLFDOPLFURVFRS\ WDNHVWRWKHFRQFOXVLRQV
 :DVWHRIJODVVXVHGDVDJJUHJDWHLQWKHUHFLSHRIPRUWDUVKDV DORZHULPSDFWRYHUWKHK\GUDWLRQSURFHVVHV
 ,W KDV EHHQ REVHUYHG WKDW WKHUH KDYH EHHQ KLJKOLJKWV RI ILYH GLIIHUHQWPLQHUDORJLFDO FRPSRXQGV DQK\GURXV
FRPSRXQGVW\SHFDOFLXPDQGDOXPLQLXPR[LGHV&D$O2 DQG&D$O2DQGEURZQPLOOHULWH K\GUDWHGFDOFLXP
VLOLFDWHV &6+ W\SH K\GUDWHG FDOFLXP VLOLFDWHV &D6L2 ā +2 &D2 ā 6L2 ā +2 DQG &D6L2 ā +2
WREHUPRULWH DQG;HQRWOLWH &DOFLXP FRPSRXQGV DQG K\GUDWHG DOXPLQXP W\SH:DLUDNHL *LVPXQGLWH *KHOHQLW
/Y\QH/DZVRQDQG&KDED]LWH K\GUDWHGR[LGHVRIFDOFLXPDQGDOXPLQXP DQG &RPSRXQGVRIWKHK\GUDWHGR[LGHV
RILURQDQGFDOFLXP ZKLFK KDVDELJLPSRUWDQFHLQREWDLQLQJWKHKLJKFRPSUHVVLYHVWUHQJWKUHVXOWV
 $QDO\VLVRIWKHK\GUDWLRQSURFHVVE\PDJQHWLFUHVRQDQFH
)RUDOOWKHSODVWHULQJPRUWDUVPDGHZLWKWKHJODVVZDVWHVWXGLHGDWGD\VW\SHV RISRUHV FDQEHIRXQGSRUH!
PV  DOVRQDPHGPDFURVFRSLFSRUHSRUHEHWZHHQ ± PV  FDSLOODU\SRUHDQG SRUH PV  JHOSRUH
)LJ *UDSKLFDOUHSUHVHQWDWLRQRIDGKHVLRQYDOXHVDWGD\VRQ 0V0V0V DQG 0V PRUWDUV
D E
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7KH DQDO\VLV RI ERWK WKH SRUH GLVWULEXWLRQ DQG KRZ WKH\ GHYHORS RYHU WLPH HFKR DPSOLWXGH FDQ FRQFOXGH WKH
IROORZLQJ
 7KHK\GUDWLRQSURFHVVRFFXUVRYHUWLPHLWKDVDPDMRUHYROXWLRQIURPWKHWLPHRIFDVWLQJWKHVDPSOHXQWLOWKH
DJHRIWKUHHGD\V
 7KHGLVWULEXWLRQRISRUHVDQGWKHLUVL]HLQGLFDWHV WKDW WKH\DUHODUJHULQWKHHDUO\GD\VDQGWKHQWKHSRUHVJHW
VPDOOHU IDYRULQJ WKHK\GUDWLRQSURFHVV
 &RQFOXVLRQ
5HVHDUFK VKRZV WKDW WKHUH DUH SRVVLELOLWLHV RI VROYLQJPDMRU SUREOHPV RI ZDVWHPDQDJHPHQW E\ UHF\FOLQJ WKH
JODVV REWDLQLQJQHZEXLOGLQJPDWHULDOV 6HYHUDO LQQRYDWLYHSODVWHULQJPRUWDUV ZHUHSURGXFHG ZLWKUHF\FOHG JODVV
WKHLURZQSURSHUWLHVUHFRPPHQGLQJ WKHP LQWKHGHYHORSPHQWRIJUHHQEXLOGLQJV 0RUWDUVZLWKZDVWHJODVVKDYH WKH
DGYDQWDJHWKDW LQ WKHLUSURGXFWLRQWKH FRQVXPSWLRQRIQDWXUDOUHVRXUFHV LVUHGXFHG DVJODVVSURSHUWLHVDUH VLPLODUWR
WKRVHRI VDQG6L2
$OOPRUWDUVPDGHZLWKJODVVZDVWH0V0V0VDQG 0V SUHVHQWHGEHWWHUUHVXOWVWKDQ WKRVH
UHTXLUHGE\VWDQGDUGV IRUDOO W\SHVRIFKDUDFWHULVWLFVGHWHUPLQHG LQWKH H[SHULPHQWDOSURJUDP7KHDQDO\VLVUHVXOWV
LQGLFDWHG WKDW PRUWDU W\SH0V  DQG0V  DUH WKHPRVW VXLWDEOH DV SODVWHULQJ PRUWDUV EHFDXVH WKH\ KDYH
SK\VLFDODQGPHFKDQLFDOSURSHUWLHVFRPSDUDEOHWR WKH FRQWUROVDPSOH&6,9 7KHUHFLSHIRUWKHSODVWHULQJPRUWDUV
ZDVHVWDEOLVKHGDQGWKH SURFHVVHVRIK\GUDWLRQZLWKDOOWKHFKHPLFDOFRPSRXQGVZKLFKIRUPGXULQJWKHKDUGHQLQJRI
PRUWDUV DVZHOO
5HVXPLQJDOOWKHUHVXOWVLWFDQEHVDLGWKDWWKHVHLQQRYDWLYHSODVWHULQJPRUWDUVDUHQHZPDWHULDOVWKDWFDQEHXVHG
DVSODVWHULQJPRUWDUVRUPDVRQU\PRUWDUV
5HIHUHQFHV
>@ 3ROOHU\ & HWDO 3RWHQWLDOIRUXVLQJZDVWHJODVVLQ 3RUWODQG FHPHQWFRQFUHWH - 0DWHU&LY(QJ ±
>@ 0H\HU&%D[WHU68VHRIUHF\FOHGJODVVDQGIO\DVKIRUSUHFDVWFRQFUHWH -0DWHU&LY(QJ ±
>@ &RULQDOGHVL9HWDO 5HXVHRIJURXQGZDVWHJODVV DVDJJUHJDWHIRUPRUWDUV :DVWH0DQDJHPHQW ±
>@ ;LH = HWDO $653RWHQWLDOVRI*ODVV$JJUHJDWHVLQ:DWHU*ODVV$FWLYDWHG)O\$VKDQG3RUWODQG&HPHQW0RUWDUV -0DWHU&LY(QJ 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>@ 65(1 6SHFLILFDWLRQIRUPDVRQU\ PRUWDU3DUW5HQGHULQJDQGSODVWHULQJPRUWDU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